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Abstract

Background: Left main coronary artery disease secondary to pulmonary artery compression related to Eisenmenger
syndrome is an under-suspected condition that can cause fatal outcomes if left untreated. It presents with typical
angina but is frequently mistaken for pulmonary hypertension (PH) symptoms. It is now recognized as one of the few
important causes of angina in PH.

Case presentation: A 37-year-old man with a history of unoperated atrial septal defect and Eisenmenger syndrome
came to the outpatient department with a chief complaint of angina on exertion. Electrocardiogram showed regular
sinus rhythm with right axis deviation, right ventricular hypertrophy, deep T-wave inversion in inferior and anterior
leads suggestive of ischemia or strain, and incomplete right bundle branch block. Cardiac CT showed compression

of the left main coronary artery due to a dilated main pulmonary artery. Therefore, this patient was diagnosed with
Eisenmenger syndrome with left main compression due to dilated pulmonary artery. He was treated successfully with
IVUS-guided stent implantation. The patient experienced marked improvement in regular activities, with no recur-
rence of angina symptoms. Angiography 3 months after the procedure revealed good patency of the stent, without
significant stenosis.

Conclusions: Left main coronary artery compression is a complication that should be suspected in patients with
Eisenmenger syndrome presenting with angina symptoms. Non-invasive modalities are recommended for diagnostic
evaluation, but the gold-standard technique remains coronary angiography. The best treatment is not well-estab-
lished, with either myocardial revascularization or PH treatment, but a left main coronary artery stenting procedure is
considered an ideal emergent treatment to provide a better quality of life for patients in this condition.

Keywords: Pulmonary hypertension, Eisenmenger syndrome, Left main coronary artery disease, Coronary artery
compression

Background

Eisenmenger syndrome is the most severe form of pul-
monary hypertension (PH) in congenital heart disease
(CHD). Patients with Eisenmenger syndrome generally
present with typical signs such as cyanosis followed by
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dyspnoea or angina on exertion. Angina in PH has vari-
ous aetiologies, such as mitral valve disease, disorders of
the lungs, pulmonary artery (PA) disorders and congeni-
tal malformations. However, angina is also a common
manifestation of a mechanical complication in PH: left
main coronary artery (LMCA) compression. This condi-
tion increases the risk of sudden death due to myocardial
territory at risk, and therefore may worsen the progno-
sis. It is usually an under-suspected and under-reported
cause of angina, but the incidence is high, ranging from
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19 to 44% [1]. Early recognition is the key to early man-
agement to improve patient outcomes.

Here we describe a case report of an unoperated atrial
septal defect (ASD) patient with Eisenmenger syndrome
who experienced LMCA compression due to a dilated
main PA. This report will highlight the diagnostic workup
and best possible management.

Case presentation

In this case report, we present a 37-year-old man with
known unoperated secundum ASD and Eisenmenger
syndrome. The patient was diagnosed for the first time
6 months before, with symptoms of typical angina on
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exertion that had worsened for the last 2 months. He was
referred due to resource limitations from another hospi-
tal to the CHD division for follow-up in the cardiology
department outpatient clinic and underwent scheduled
examination. The patient had no other medical history,
no family history of congenital disease and no prior inva-
sive procedures. Physical examination showed a cyanotic
appearance with finger clubbing, 86% oxygen saturation
by peripheral pulse oximetry, signs of right heart conges-
tion, cardiomegaly, accentuated P2, and pansystolic mur-
mur at the lower left sternal border, with Carvallo’s sign
on auscultation. The haematology parameters showed
secondary erythrocytosis with a haemoglobin level of
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g. 1 ECG showed regular sinus rhythm with RAD, RVH, deep T-wave inversion in inferior and anterior leads suggestive of ischemia or strain, and
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Fig. 2 Thorax X-ray showed cardiomegaly with prominent
pulmonary conus and increased pulmonary vascularity

19.5 g/dL and a haematocrit fraction of 55.5%. Electro-
cardiogram (ECG) showed a regular sinus rhythm with
right axis deviation (RAD), right ventricular hypertrophy
(RVH), deep T-wave inversion in the inferior and ante-
rior lead suggestive of ischemia or strain, and incomplete
right bundle branch block (RBBB; Fig. 1). Chest X-ray
showed cardiomegaly with prominent pulmonary conus
and increased pulmonary vascularity (Fig. 2). Transtho-
racic echocardiography (TTE) revealed secundum ASD
with bidirectional shunt, mainly right to left (R to L)
shunt, D-shaped left ventricle (LV), dilation of the right
chamber (right atrium [RA] and right ventricle [RV])
and left atrium (LA), normal systolic function with para-
doxical septal movement, moderate tricuspid regurgita-
tion (TR), and a marked dilated main PA (diameter of
48 mm; Fig. 3). The TTE examination conclusion based
on ESC guidelines for the diagnosis and treatment of PH
was secundum ASD with a high probability of PH and
marked main pulmonary artery (MPA) dilation.

Based on the presented data, the patient was scheduled
for elective right heart catheterization (RHC), as well
as angiography due to suspected ischemia suggesting a
mechanical complication due to marked dilation of the
PA. The RHC revealed secundum ASD with bidirectional
(mainly R to L) shunt, mean pulmonary artery pres-
sure (mPAp) pre—oxygen test of 78 mmHg decreasing
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to 70 mmHg after oxygen test, with low flow (flow ratio
pre—oxygen test of 0.98 and post-oxygen test of 1.09)
and high resistance (pulmonary vascular resistance pre—
oxygen test of 35.3 decreasing to 31.1 Wood units after
oxygen test), with a non-reactive oxygen test as the con-
clusion. Angiography (Fig. 4A) revealed severe steno-
sis at the ostium part of the LMCA, without significant
stenosis at other coronary arteries. To confirm the diag-
nosis, the patient was then sent to the radiology depart-
ment and underwent a contrast-enhanced computerized
tomography (CT) scan. The cardiac CT (Fig. 5) showed
a dilated MPA (56.8 x 51.9 mm in diameter), MPA-to-
aorta ratio of >1.5, left main (LM) take-off angle of 32°
and severe LMCA compression. Based on coronary angi-
ography and cardiac CT findings, the patient was then
referred to a coronary interventionist for further assess-
ment and intervention. Intravascular ultrasound (IVUS)
evaluation showed dynamic compression in the ostium
LM without atherosclerosis (Fig. 4B, C). After a thor-
ough examination, the patient was diagnosed with LM
compression syndrome due to dilated pulmonary artery
caused by the severe form of PH Eisenmenger syndrome.

Percutaneous coronary intervention (PCI) with a new-
generation zotarolimus-eluting stent, size 4.5 x 22 mm,
was successfully implanted with IVUS guidance, and
the evaluation showed good stent placement (Fig. 6A,
B). The patient was discharged after 7 days of hospitali-
zation with no complication and given dual antiplatelet
therapy (81 mg of acetylsalicylic acid and 75 mg of clopi-
dogrel once daily). PH was treated with a combination
of sildenafil, a potent and selective inhibitor of phos-
phodiesterase type 5; and beraprost, a prostacyclin ana-
logue. On clinical follow-up a week and then a month
after hospitalization, the patient showed no recurrence
of angina symptoms and was scheduled for evaluation
3 months after the procedure. Angiography evalua-
tion after 3 months revealed no significant stenosis and
good patency of the stent. The patient underwent routine
follow-up in the outpatient clinic of the CHD division,
with marked improvement in regular activities and good
compliance.

Discussion and conclusions

Eisenmenger syndrome is a severe form of PH associated
with acyanotic CHD [2, 3]. A persistent haemodynamic
condition in chronic PH may further cause PA dilation
due to increased PA pressure (PAp), based on Laplace’s
law [1, 4]. PA dilation is present in around 76.6% of
patients with severe PH [5]. Assessment using non-inva-
sive imaging modalities is recommended to evaluate PH
parameters, including PA diameter. TTE can measure the
PA diameter at end-diastole from the parasternal short-
axis view just before the bifurcation, with a normal value
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+ Vel 518cm/s
PG 107 mmHg

+ Dist 4.85cm
t 274cm .
= Dist 2.28cm

48 mm, (lower right) dilated RV of 51 mm

Fig. 3 Transthoracic echocardiography images showed high probability of PH, (upper) with peak TR velocity of 5.1 m/s, (lower left) dilated MPA of

+ Dist 5.09cm

of less than 25 mm [1, 6]. In case of any difficulties in
determining the value precisely, a contrast-enhanced CT
scan is also suggested to identify PH parameters [5].

Angina symptoms in PH are important clinical fea-
tures. The differential diagnosis of angina is extensive,
and the characteristics of PH resemble angina pectoris in
general and in location, radiation, intensity, quality and
tendency to be initiated by physical exertion. The mech-
anism of angina is usually due to unmatched metabolic
demands caused by reduced coronary perfusion and the
pressure gradient of the RV and PA. This can be caused
by different underlying diseases, such as mitral valve
stenosis; lung disease, especially asthma or emphysema;
pulmonary embolism; or CHD [7, 8]. In some cases, the
angina presentation may be related to a mechanical com-
plication of PH, and Table 1 lists some other common
complications [3, 8, 9].

Coronary artery disease (CAD) in PH patients present-
ing with angina is often under-suspected and usually
diagnosed as a coincidence finding. It is now recognized

as a serious mechanical complication of PH [2]. CAD
pathophysiology is commonly secondary to atheroscle-
rotic disease, but another known condition responsible is
PH, which involves extrinsic compression of the LMCA
due to dilation of the PA. Extrinsic compression occurs
due to a closed anatomic relationship between two struc-
tures: the MPA and LMCA [10, 11]. The MPA serves as a
short and wide pipe that normally travels along the left of
the ascending aorta and bifurcates just below the aortic
arch to form the right and left PA [12]. Among the adja-
cent structures are the coronary arteries, which originate
from the aortic sinuses of the aorta and pass alongside
the pulmonary trunk [13].

LMCA compression by an enlarged PA in patients with
PH was first described in 1957 by Corday et al. [14]. The
prevalence rate was around 40%, especially if accompa-
nied by angina symptoms [15]. These cases were rarely
reported, due to under-diagnosis despite its high inci-
dence [10]. We find some similar conditions previously
reported in case reports (Table 2). The mechanism of
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Fig.4 A Angiography showed severe LMCA stenosis in LAO-caudal view; B, C IVUS evaluation showed dynamic compression of LMCA
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angina in this condition is still uncertain. Progressive
increases in Pap and RV overload, along with myocardial
ischemia caused by artery compression, are proposed as
possible mechanisms [9].

Diagnostic modalities regarding this condition are
fundamental. Contrast-enhanced CT should be per-
formed to define the PH parameters, especially MPA
dilation, and define the LM compression [1, 15, 16]. The
compression risk is related to some strong predictors
measured by contrast-enhanced CT, such as PA diame-
ter >40 mm, ratio of the MPA and aortic root> 1.5, and
take-off angle<45° (formed between the longitudinal
line of the LMCA and orthogonal line of the aortic valve)
[15, 17]. It is also determined by the anatomic relation-
ship between the PA and the origin of the LMCA [18].
The accuracy of those predictors is somewhat favourable:
the sensitivity and specificity for LM compression due

to PA dilation>40 mm are 83% and 70%, respectively.
The MPA-to-aorta ratio has a sensitivity of 73% and a
specificity of 70%, respectively, for predicting compres-
sion [15]. Nevertheless, the gold standard of modalities
to confirm LM stenosis remains coronary angiography,
particularly guided by IVUS [16, 19]. In our case, we
found all the strong predictors for compression risk, such
as marked dilation of the main PA (diameter 54 mm),
MPA-to-aorta ratio> 1.5, and LM take-off angle 32°. All
parameters were measured from cardiac CT, which also
confirmed severe LMCA compression.

The best management for LMCA compression by PA
dilation is not well-established due to the small number
of cases reported, but emergent treatment is required
due to the high mortality risk. Treatment of the PH itself
and coronary revascularization is the optimal choice [9,
11]. However, the rapid improvement of PA dilation after
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Fig. 5 Contrast-enhanced cardiac CT images, (upper) images showed dilated MPA of 56.8 x 51.9 mm, (bottom left) black arrows showed severe
compression of LMCA and (bottom right) LM take-off angle of 32°
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Fig. 6 A Successful PCl of the LMCA in LAO-caudal view; B IVUS evaluation post-PCl of LM
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Table 1 Common complications of Eisenmenger syndrome. [3, 31, 32]

No Complications

Signs and symptoms

1 Secondary erythrocytosis

2 Haemostasis abnormalities (increased risk in both bleeding and thrombosis)

3 Arrhythmias

4 Endocarditis

5 Mechanical complications
Compression of LMCA
6 PA aneurysms, rupture and dissection

7 Compression of intrathoracic structures (recurrent laryngeal nerves)
8 Cerebral hypoperfusion due to low cardiac output
9 Renal dysfunction

Hyperviscosity symptoms

Pulmonary bleeding (rupture of hypertrophied bronchial arteries)
Pulmonary embolism

Deep vein thrombosis (DVT)

Stroke or brain abscess

Ventricular arrhythmias (ventricular tachycardia [VT] or ventricular
fibrillation [VF])

Supraventricular arrhythmias (atrial fibrillation [AF] or atrial flutter
[Af])

Fever
Chest pain (angina-like or not)

Acute dyspnoea on exertion
Haemodynamic decompensation
Sudden death

Hoarseness
Syncope

Reduced urine output
Hyperuricaemia

adequate management is impossible; therefore, an urgent
approach is needed to improve survival. Recent evidence
shows that coronary stenting is a possible option to
resolve LM compression [12, 24, 25]. An isolated lesion
involving the ostium or shaft of the LM is a class II rec-
ommendation for PCI, whereas more complex lesions are
best treated with a surgical bypass procedure. Coronary
artery bypass graft (CABG) also involves a higher risk in
general anaesthesia and cardiopulmonary bypass (CPB)
in patients with underlying PH, so PCI is the preferred
strategy. A drug-eluting stent (DES) is preferred com-
pared to a bare-metal stent (BMS) because it is proven
to improve survival, particularly guided by IVUS. It is
also associated with fewer adverse cardiovascular events

and a low restenosis risk in the atherosclerosis popula-
tion;21°22 further studies are needed to confirm its application in the LMCA

compression due to PH population. The choice of a newer-generation DES con-
taining zotarolimus was based on the safety and effectiveness of the individualized
approach to shortened dual anti-platelet duration in selected patients undergoing
PCI, such as in high bleeding-risk patients, but this also needs further studies to
assure safety in the PH population [23, 24]. The use of IVUS in this condition is to
determine the characteristics of compression (whether there is an atherosclerotic
plaque), precise part of involvement, ischemia burden of the stenosis estimation,
stent optimization, and adequate expansion and apposition of the stent after LM

PCI [21, 25].

The cornerstone of management is to manage the aeti-
ology, which is the CHD. Defect closure is recommended
to hopefully improve both PAp and LMCA compression,
but further studies are needed to confirm this hypoth-
esis [25]. Mainstay treatment of Eisenmenger syndrome
has evolved in the past decade and is divided into several

steps, including supportive therapy with oral anticoagu-
lants, diuretics or oxygen therapy, with referral to PH
centres to perform vasoreactivity testing to assess suit-
ability for surgical repair [26, 27]. The use of PH targeted
therapy such as endothelin receptor antagonists (ERA),
phosphodiesterase type 5 (PDE-5) inhibitors, and pros-
tacyclin analogues as monotherapy or drug combination
are class I recommendations in pulmonary arterial hyper-
tension (PAH) therapy according to the WHO functional
classes stated in the ESC guidelines for the diagnosis and
treatment of PH. Those drugs reduce the pressure eleva-
tion and diameter of the PA and are proven to improve
angina symptoms. Invasive management such as balloon
atrial septostomy (BAS) and lung transplantation are also
considered after inadequate response to optimal medical
treatment [3].

A surgical approach with aneurysmorrhaphy to reduce
the PA diameter, aneurysmectomy to repair or replace
the artery, and double-lung or heart-lung transplanta-
tion is recommended in PA aneurysm with compression
of adjacent structures, although it carries a very high sur-
gical risk [28, 29]. Novel PA reduction plasty is also the
current preferred choice. The techniques include inter-
nal plication and outer layer reinforcement to hopefully
reduce pressure, although further studies are necessary
to establish this recommendation [29, 30].

LMCA compression is a complication that should
be suspected in patients with Eisenmenger syndrome
presenting with angina symptoms. Non-invasive
modalities such as contrast-enhanced CT are recom-
mended to detect both PH features and coronary artery
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compression, with acceptable accuracy. Invasive modali-
ties also play an important role in confirming the diagno-
sis and as ideal management. An LM stenting procedure
is considered the best therapeutic approach to improve
long-term patient outcomes.

Strengths

We successfully diagnosed and treated a patient with
LM compression due to PA dilation in Eisenmenger syn-
drome, with a good outcome.

Limitations

We present only one patient in this case report, and no
specific guidelines exist for management. We also have
limited resources, such as PH drugs, which are unavail-
able in our country, and human resources specializing in
surgical procedures to optimize the management.

Learning points

In Eisenmenger syndrome patients presenting with
angina, mechanical complications such as LMCA com-
pression should be considered as an aetiology. Proper
evaluation and management are essential for a better
prognosis.
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